We present a detailed study of the two-parton light-cone distribution amplitudes for 1 3 P 2 nonet tensor mesons. The asymptotic two-parton distribution amplitudes of twist-2 and twist-3 are given. The decay constants f T and f ⊥ T defined by the matrices of non-local operators on the lightcone are estimated using the QCD sum rule techniques. We also study the decay constants for f 2 (1270) and f ′ 2 (1525) based on the hypothesis of tensor meson dominance together with the data of Γ(f 2 → ππ) and Γ(f ′ 2 → KK) and find that the results are in accordance with the sum rule predictions.
Introduction
In the past few years, BaBar and Belle have measured several charmless B decay modes involving light tensor mesons in the final states [1] . These decays play a complementary role, compared with e.g., B → V V, V A, AA channels (V is a vector and A is an axialvector meson) [2, 3] , since the tensor meson T can be produced neither from the local (axial-)vector current nor from the local tensor current which is relevant only to new physics. The polarization studies for B → T V, T A, T T decays can further shed light on the underlying helicity structure of the decay mechanism, recalling that the longitudinal polarization dominance observed in the decay B + → φK * 2 (1430) + is quite different from the polarization measurement in B → φK * which indicates a large fraction of transverse polarization [4] .
In the quark model, the J P C = 2 ++ tensor meson can be modeled as a constituent quark-antiquark pair with the angular momentum L = 1 and total spin S = 1. The observed tensor mesons f 2 (1270), f ′ 2 (1525), a 2 (1320) and K * 2 (1430) form an SU(3) 1 3 P 2 nonet. Thecontent for isodoublet and isovector tensor resonances are obvious. * Nevertheless, in full QCD field theory, the tensor meson is represented by a set of Fock states, each of which has the same quantum number as the meson. In this work, we present the study for two-parton asymptotic light-cone distribution amplitudes (LCDAs) of lowest-lying tensor mesons with quantum numbers J P C = 2 ++ because, in the treatment of exclusive B decay processes in QCD, the Fock states of the energetic meson can be further represented in terms of LCDAs. The LCDAs are governed by the special collinear subgroup SL(2, R) of the conformal group [6, 7] and can be expanded as a series of partial waves, where the rotational invariance is characterized by the conformal spin j and the concept of "collinear twist" is equivalent to the "eigen-energy" in quantum mechanics.
Due to the G-parity of the tensor meson, according to our definition, both the chiraleven and chiral-odd two-parton LCDAs of the tensor meson are antisymmetric under the interchange of momentum fractions of the quark and anti-quark in the SU(3) limit. The asymptotic LCDAs are relevant to the first Gegenbauer moment of the leading twist distribution amplitudes, φ and φ ⊥ . In analogy to the cases of axial-vector mesons [3, 8] , the sizable Gegenbauer term containing the first Gegenbauer moment could have a large impact on B decays involving a tensor meson.
The present paper is organized as follows. In Sec. 2 we define the LCDAs for the tensor mesons. A slightly different definition for chiral-even LCDAs is given in [14] . The detailed properties of LCDAs are given in Sec. 3. Results for the decay constants are presented in Sec. 4. Sec. 5 comes to our conclusion. * Just as the η-η ′ mixing in the pseudoscalar case, the isoscalar tensor states f 2 (1270) and f ′ 2 (1525) also have a mixing, and their wave functions are defined by
with f q 2 ≡ qq. Since ππ is the dominant decay mode of f 2 (1270) whereas f ′ 2 (1525) decays predominantly into KK (see Ref. [1] ), it is obvious that this mixing angle should be small. More precisely, it is found that θ f2 = 7.8
• [5] and (9 ± 1)
• [1] . Therefore, f 2 (1270) is primarily a (uū + dd)/ √ 2 state, while f ′ 2 (1525) is dominantly ss.
Definition
For a tensor meson, the polarization tensors ǫ µν (λ) with helicity λ can be constructed in terms of the polarization vectors of a massive vector state moving along the z-axis [9] ε(0)
and are given by
The polarization ǫ
µν can be decomposed in the frame formed by the two light-like vectors, z µ and p ν ≡ P ν − z ν m 2 T /(2pz) with P ν and m T being the momentum and the mass of the tensor meson, respectively, and their orthogonal plane [10, 11] . The transverse component that we use thus reads
The polarization tensor ǫ
αβ , which is symmetric and traceless, satisfies the divergence-free condition ǫ (λ) αβ P β = 0 and the orthonormal condition ǫ
and hence the tensor meson cannot be produced from the local V −A current and likewise from the tensor current. The completeness relation reads
where
In what follows, we consider matrix elements of bilocal quark-antiquark operators at a light-like separation, 2z µ , with z 2 = 0. In analogy with those of vector and axial-vector mesons [10, 11, 12, 13] , we can define chiral-even light-cone distribution amplitudes of a
and chiral-odd LCDAs to be
where u andū ≡ 1 − u are the respective momentum fractions carried by q 1 andq 2 in the tensor meson. For non-local operators on the lightcone, the path-ordered gauge factor connecting the points z and −z is not explicitly shown here. In Eqs. (9)- (12), φ , φ ⊥ are leading twist-2 LCDAs, and g v , g a , h t , h s are twist-3 ones, while g 3 and h 3 , which will not be considered further in this paper, are of twist-4. Throughout the paper we have adopted the conventions
a /2 and ǫ 0123 = −1.
Properties
In SU(3) limit, due to the G-parity of the tensor meson, φ , φ ⊥ , g v , g a , h t , h s , g 3 and h 3 are antisymmetric under the replacement u → 1 − u. Let us take the case of the a 2 † Our LCDA g a differs from that defined by Braun and Kivel [14] :
They are related by g a (u) = 2 u 0 g BK a (v)dv . Note that the variable t used in [14] is related to u through the relation t = 2u − 1. Our g a is defined in the same manner as the LCDA g ⊥ as in the case of the axial-vector meson. This definition is more convenient for studying the relevant Wandzura-Wilczek relation and the helicity projection operator.
tensor meson to illustrate the properties of LCDAs. The G-parity operator for SU(2) symmetric cases isĜ =Ĉiτ 2 , whereĈ is a charge-conjugation operator and τ 2 the Pauli spinor acting on the isospin space. Because, under the G-party transformationŝ
for the nonlocal operators and
for the state, we therefore have,
Notice that on the right-hand side of equations, the momentum fraction carried by the up quark given by "1 − u" is equivalent to the momentum fraction carried by the antidown quark on the left-hand side. Therefore, in the SU(2) limit we have φ ,⊥ (u) = −φ ,⊥ (ū), g v,a,3 (u) = −g v,a,3 (ū), and h t,s,3 (u) = −h t,s,3 (ū). This is also true for the isosinglets f 2 (1270) and f ′ 2 (1525) which have even G-parity quantum numbers and for the isodoublet K * 2 (1430) which is odd under the G-parity transformation in SU(3) limit. Using the QCD equations of motion [10, 11] , the two-parton distribution amplitudes g v , g a , h t and h s can be represented in terms of φ ,⊥ and three-parton distribution amplitudes. Neglecting the three-parton distribution amplitudes containing gluons and terms proportional to light quark masses, twist-3 LCDAs g a , g v , h t and h s are related to twist-2 ones through the Wandzura-Wilczek relations:
The leading-twist LCDAs φ ,⊥ (u, µ) can be expanded as
where µ is the normalization scale and the multiplicatively renormalizable coefficients (or the so-called Gegenbauer moments) are:
which vanish with even ℓ in the SU(3) limit due to G-parity invariance. The Gegenbauer moments a l renormalize multiplicatively:
where b = (11N c − 2n f )/3 and the one-loop anomalous dimensions are [15] 
with C F = (N 2 c − 1)/(2N c ). In the present study, the distribution amplitudes are normalized to be
Consequently, the first Gegenbauer moments are fixed to be a 1 = a
. Moreover, we have
which hold even if the complete leading twist DAs and corrections from the three-parton distribution amplitudes containing gluons are taken into account. The asymptotic wave function is therefore
and the corresponding expressions for the twist-3 distributions are
4 Decay constants A tensor meson cannot be produced through the usual local V − A and tensor currents, but it can be created through these currents with covariant derivatives (see below). This feature allows us to study its decay constants f T and f ⊥ T .
f T
The decay constant f T , which itself involves the Gegenbauer first moment, can be defined through the matrix element of the following operator ‡
and
Its value has been estimated using QCD sum rules for the tensor mesons f 2 (1270) [16] and K * 2 (1430) [17] 
We shall re-analyze the f T sum rules in the next subsection. Several authors [16, 20, 21] have extracted f f 2 (1270) from the measurement of Γ(f 2 → ππ) by assuming that the matrix element π + π − |Θ µν |0 with Θ µν being the energymomentum tensor is saturated by the f 2 meson under the tensor-meson-dominance hypothesis, namely,
where g f 2 ππ is the coupling constant defined by
The decay rate reads
(38) ‡ The dimensionless decay constant f T defined in [16, 17] differs from ours by a factor of 2m T . The factor of 2 comes from a different definition of ↔ Dµ there. § The decay constants for f 2 (1270) and f ′ 2 (1525) had also been estimated in [18] using QCD sum rules. The results quoted from [19] are: f f2(1270) = (132 ∼ 184) MeV and f f ′ 2 (1525) = (112 ∼ 152) MeV.
with p c being the center-of-mass momentum of the pion. From the measured width Γ(f 2 → ππ) = (156.9
which is in agreement with [21] . By the same token, if the matrix element K + K − |Θ µν |0 is assumed to be saturated by f ′ 2 (1525) which is ss dominated, we will have
where use of the experimental value Γ(f 
f ⊥ T
Using the QCD sum rule technique, we proceed to estimate the value of f ⊥ T [22] . To determine the magnitude and the relative sign of f ⊥ T with respect to f T , we consider the non-diagonal two-point correlation function,
with
The interpolating current j
Here we are only interested in the Lorentz invariant constant Π(q 2 ) which receives the contribution from tensor mesons but not from vector or scalar mesons.
To simply the calculation of Π(q 2 ), we will apply the translation transformation to the current j αβ (y)
whereP is a translation operator, and then recast Eq. (41) to
The covariant derivative
in the fixed-point gauge (or the so-called Schwinger-Fock gauge) [22] 
Consequently, ↔ Dβ (z) is reduced to the usual derivative → ∂ /∂z β − ← ∂ /∂z β in the z → 0 limit and hence the contributions from the diagrams in Fig. 1 with the soft gluons emerging from the left vertex vanish. Likewise, the uses of the translation transformation for j
and the corresponding relation for the non-diagonal two-point correlation function
will imply that the diagrams with the soft gluons emerging from the right vertex vanish. Note that one can apply either Eq. (45) or (49) to compute the two-point correlation function Π(q 2 ); the results should be the same. In this work we shall use the former to evaluate the operator-product expansion (OPE) of Π(q 2 ). The resulting Π OPE , which is the OPE result of Π(q 2 ) up to dimension-7 at the quarkgluon level (see Fig. 1 ), reads
where µ is the renormalization scale, the first term on the right-hand side of the above equation arises from Fig. 1(a) , the second from 1(b) and 1(d), the third from 1(k) and the right diagrams of 1(g), 1(h), 1(i) and 1(j), and the fourth from 1(l). We have adopted the shorthand notation . . . ≡ 0| : . . . : |0 for vacuum condensates. In the calculation the ultraviolet divergence is regularized by using the modified minimal substraction (MS) scheme.
To suppress the non-resonant background in the sum rules, we take into account the dispersion relation with a subtraction. This method was first introduced in Refs. [23, 24] .
, which is finite in the limit −q 2 → ∞, we then get
where ρ phys and ρ tensor are the total physical and lowest-lying tensor meson spectral densities, respectively, which can be modeled as 
Taking the limit −q 2 → ∞ in Eq. (51), we obtain the following relation:
After performing the Borel transformation [22, 13] and taking into account scale-dependence of each quantities, we arrive at the sum rule: In the numerical analysis, we shall use the following input parameters at the scale 1 GeV 
Conclusion
We have systematically studied the two-parton light-cone distribution amplitudes for 1 3 P 2 nonet tensor mesons. The light-cone distribution amplitudes can be presented by using QCD conformal partial wave expansion. We have obtained the asymptotic twoparton distribution amplitudes of twist-2 and twist-3. The relevant decay constants have been estimated using the QCD sum rule techniques. We have also studied the decay constants for f 2 (1270) and f 
